Abstract: Major and trace element compositions of Neogene sandstones and mudrocks from the Shahbajpur-1 (SB-1) well, Hatia trough, Bengal basin, Bangladesh were determined to examine their geochemical characteristics and provenance, in relation to Himalayan uplift, sediment dispersal, and correlation of coeval successions in a basinal context. Major and trace element abundances in the SB-1 succession vary vertically, with SiO 2 content decreasing and Al 2 O 3 increasing from the older (Surma and Tipam Groups) to younger (Dupi Tila Group) sediments. Marked geochemical fractionation between sandstones and mudrocks reflects advanced hydrodynamic sorting, and relative enrichment of several elements (e.g., TiO 2 , Zr, Ce, Th, Cr) suggests sporadic heavy mineral concentration in some sandstones. Major and trace element provenance discriminants indicate a uniform felsic source (Himalayan detritus and recycled sediments) for the entire succession. Values for the Chemical Index of Alteration (CIA) record moderate weathering in the source, and non-steady state conditions produced by Himalayan uplift. Comparison between the Hatia trough samples and coeval Sylhet trough (P2) sediments shows that the more distal SB-1 succession is compositionally more uniform. Strong similarity in geochemical composition between SB-1 and P2 support the hypothesis that the Hatia trough is an extension of P2, fed by the same dispersal system. Key words: Geochemistry, provenance, weathering, sorting, Bengal basin, Bangladesh. mvivsk: GB M ‡elYvq kvnevRcy i-1 (SB-1), nvwZqv Uª vd, e½xq †ewmb, evsjv ‡`k Gi wbIwRb †e ‡jcv_i I K`© g wkjvi cÖ avb I m¦ í cwigv ‡bi †Uª m Dcv`v ‡bi fivmvqwbK ˆewkó¨ Ges Zv ‡`i Drm m¤ú ‡K© aviYv cÖvb Kiv nq Ges Gi m ‡½ wngvj ‡qi ea© bkxjZv, cj ‡ji web¨vm Ges †ewm ‡bi mgmvgwqK wkjv¯- ‡ii m¤úK© wbY© q Kiv n ‡q ‡Q| SB-1 wkjv¯- ‡ii cÖ avb I m¦ í cwigv ‡bi Dcv`vb Gi ch© vßZv Dj− w¤Kfv ‡e wfboe Zvi mv ‡_ SiO 2 Gi cwigvY n« vm Ges Al 2 O 3 e" w×i cÖ eYZv cÖ vPxbZg wkjv¯-i (my igv Ges wUcvg †kª Yx) †_ ‡K bexbZg wkjv¯- ‡i (Wy wc wUjv †kª Yx) †`Lv hvq| †e ‡jcv_i I K`© g wkjvi f-ivmvqwbK web¨¯-Zvq cÖ wZdwjZ nq †h, Dboe ZZi nvB ‡Wª vWvBbvwgK †kª Yx web¨¯-Zv Ges wewfboe Dcv`v ‡bi (TiO 2 , Zr, Ce, Th, Cr) e" w×i cÖ eYZv hv †`Lvq †h, †e ‡jcv_ ‡ii g ‡a¨ wew ¶ßfv ‡e fvix gvwY ‡Ki AvwaK¨| †gRi Ges †Uª m Dcv`vb †`Lvq †h, mg¯-wkjv¯- ‡ii Drm †djwmK (wngvj ‡qi wkjv Ges cỸ© AveZ© b cjj)| †KwgK¨vj AjUv ‡ik ‡bi Bb ‡W· (CIA) Gi cwigvY cÖ gvY K ‡i ga¨g AvenweKvi Mā' Zv Ges Amg my w¯' Z Ae¯' v hvnv wngvj ‡qi D×© ea© bkxjZvi Øviv cwiPvwjZ| Zz jbvgjKfv ‡e nvwZqv Uª v ‡di cjj wm ‡jU Uª vd (P 2 ) Gi cj ‡ji †_ ‡K MVbMZfv ‡e AwaK mgmZ¡ | SB-1 Ges P 2 Gi f-ivmvqwbK MVb cÖ gvY K ‡i †h, nvwZqv Uª vd P 2 Gi ewa© Z Ask hv GKB ai ‡bi cj ‡ji web¨vm Øviv MwVZ|
Introduction
The Hatia trough is located in the southern part of the Bengal basin, near the Bay of Bengal (Fig. 1) . The Bengal basin has attracted considerable interest recently, because its sediment fill provides a record of Himalayan exhumation and tectonism (Alam et al. 2003; Rahman and Faupl 2003; Suzuki 2007a, b: Najman et al. 2008; Hossain et al. 2010) . The Bengal basin in Bangladesh has traditionally been divided into three major geological provinces (Fig. 1) , here denoted P1 (NW shelf), P2 (Sylhet trough) and P3 (Chittagong Tripura Folded Belt, or CTFB) (Reimann 1993; Najman, 2006) . These authors noted that the three geological provinces may have had differing geological histories. Consequently, each province must be characterized individually, before the relationship between them and their evolution with time can be fully understood. 
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Najman et al. (2008) proposed that the Bengal basin began to receive Himalayan sediments during the Oligocene, at ~38 Ma. The Bengal basin is thus an ideal location to examine the tectonic uplift and erosion history of the Himalaya, and also paleo-weathering. It is well established that Himalayan uplift was the dominant driver for Miocene global climatic fluctuation (Raymo and Ruddiman 1992) . The Himalayan-derived sediments of the Bengal basin are thus archives of the changing patterns of climate and sediment dispersal systems.
The mineralogical and geochemical compositions of sediments are influenced by numerous factors, including source rock composition, source weathering, sorting, heavy mineral concentration, tectonic setting of the depositional basin, and post-depositional effects such as diagenesis (Johnsson 1993 , Roser 2000 . Critical evaluation of the geochemical composition of sediments can determine the significance of these factors in individual sedimentary successions, as shown by many recent papers in the literature (Campos and Roser 2007; Hossain et al. 2010; Dinis et al. 2011; Long et al. 2011; Yang et al. 2011) . Compositional variations of sediments are a valuable tool in the reconstruction of paleoenvironments and climate change (Clift et al. 2008; Yang et al. 2008 ).
Our present study deals with the geochemical composition of Tertiary sediments from the Shahbajpur-1 (SB-1) drill hole in the Hatia trough. Rahman and Faupl (2003) and Rahman and Suzuki (2007a, b) carried out geochemical investigations of Neogene P2 Surma Group mudstones and sandstones, respectively. Hossain et al. (2010) investigated the geochemical composition of Paleogene and Neogene sediments in the same province, to examine variations in provenance and source weathering over a large time span. Most geochemical studies in Bangladesh have been directed at Provinces 2.
The Hatia trough is an extension of the Province 2 Sylhet basin, located to the northeast Bengal basin. Alam et al. (2003) suggested that the stratigraphy and sedimentation pattern of the Hatia trough should be considered separately, and indicated that it received sediments from all three provinces. Najman et al. (2008) suggested that the southern part of the Bengal basin could be correlated with P2, based on provenance study of Paleogene sediments from P1 and P2. Consequently, it is crucial to determine the composition of sediments in the Hatia trough, and evaluate if they are geochemically correlative with P2.
In this study we examine the geochemical fingerprints in a suite of Tertiary sandstones and mudstones from the Shahbajpur-1 drill hole to test possible correlation with P2, in terms of source rock composition, weathering conditions, effects of sedimentary processes, depositional setting, and post-depositional effects. This study will help in understanding the geochemical evolution of the Hatia trough sediments, and the control of provenance, weathering and sediment routing in the Bengal foredeep, and thus contribute to basin-wide regional correlation.
Geological background
The Bengal basin formed in response to the continentcontinent collision of India and Eurasia that built the Himalaya, which then delivered sediments to the adjacent foreland basin in the south. The Bengal basin is located at the junction of the Indian, Eurasian and Burmese plates, and is bounded by the Indian shield in the west, by the Himalaya in the north, and the IndoBurman ranges in the east. It contains one of the thickest sedimentary piles in the world (Alam et al. 2003) .
Drill hole SB-1 is located in the southern part of the central deep basin in the Hatia trough. The Hatia trough is bounded by the Chandpur Barishal high in the northwest, and by the Chittagong-Tripura Fold Belt in the southeast. Structurally the Hatia trough is characterized by NNW-SSE trending anticline structure in which the eastern flank dips relatively gently, and deformation is less than in the western flank (BAPEX 1995; Mondal et al. 2009; Rahman et al. 2011) .
A detailed account of the stratigraphy in SB-1 has been given by BAPEX (1995) . The stratigraphic succession and sample positions are summarized in Table 1 . The succession ranges from Miocene to Recent in age, although the base is not seen. The SB-1 succession is divided into four sequences named SBsequence 1, -2, -3 and -4 (BAPEX 1995, Mondal et al. 2009 ). Three of these sequences have been assigned to the traditional stratigraphic succession of Bangladesh, i.e. the Surma Group (SB-sequence 3 and 4) and the Tipam Group (SB-sequence 2) (BAPEX 1995; Rahman et al. 2011 ). However, SB-sequence 1 has not yet been assigned to any group. We here tentatively assign SB-sequence 1 to the Dupi Tila Group, because in traditional Bangladesh stratigraphy the Dupi Tila Group overlies the Tipam Group. The lowermost Surma Group (SB-sequence 3 and 4) consists of fine-grained, well-indurated, thickly-bedded sandstones, siltstones and shales (BAPEX 1995; Rahman et al. 2011) in its lower part. These sediments were deposited in an estuarine to marshy environment (Mondal et al. 2009 ). The upper part consists of fine-to medium-grained sandstones, siltstones and shales (BAPEX 1995; Rahman et al. 2011 ) that were deposited in a shallow marine to tidal environment (Mondal et al. 2009 ). The Tipam Group (SB-sequence 2) is composed of shale with occasional sandstone beds. These were deposited in a prograding deltaic environment (BAPEX 1995; Mondal et al. 2009 ). Dupi Tila Group (SBsequence 1) consists of shales with occasional sandstones and calcareous siltstones, deposited in deltaic to marine environments (BAPEX 1995; Mondal et al. 2009 ).
Material and Methods

Sample suite
Samples of both sandstones and mudrocks (siltstones and mudstones) were collected from the SB-1 deep drill hole (~3400 m). Thirty fresh core samples from the Surma (n = 19; 8 sandstones, 11 mudrocks), Tipam (n= 6; 3 sandstones, 3 mudrocks) and Dupi Tila (n= 5, all mudrocks) Groups were selected for whole-rock geochemical analysis. The number of samples collected for each group was controlled by suitability and availability from drill core. Sample positions are listed in Tables 1 and 2 .
Analytical methods
The drill core samples were chipped to <1 cm using a manual splitter. The chipped samples were then washed in distilled water to remove any dust, and dried at 110°C. The chips were subsequently crushed in a tungsten carbide ring mill, with mill times generally of 30-45 seconds, following the methodology of Roser et al. (1998) . Total loss on ignition (LOI) was then determined gravimetrically, by ignition of 8-10 g subsamples for at least 2 h at 1020°C. These ignited subsamples were used for the whole-rock analysis.
Whole-rock geochemical compositions were determined by X-Ray fluorescence analysis at Shimane University, Roy & Roser 4 using a Rigaku RIX 2000 spectrometer equipped with an Rh-anode X-ray tube. Major element and 14 trace element (Ba, Ce, Cr, Ga, Nb, Ni, Pb, Rb, Sc, Sr, Th, V, Y, Zr) abundances were determined from glass fusion beads prepared with an alkali flux (80% lithium tetraborate (Li 2 B 4 O 7 ) and 20% lithium metaborate (LiBO 2 )), in a flux to sample ratio of 2:1 (Kimura and Yamada 1996) . Calibration and correction for spectral interferences followed the methodology of Kimura and Yamada (1996) .
Results
Major and trace elements compositions of the sandstones and mudrocks by group and lithotype are presented in Table 2 , on an anhydrous normalized basis, as used for all plotting and comparisons. The trace element data were also normalized, using the same normalization factors. Original analytical total (anhydrous) and hydrous LOI data are also given in Table 2 , to permit recalculation to a hydrous basis if desired. Almost all trace elements are more abundant in Surma and Tipam mudrocks than in their companion sandstones, except for Zr (enrichment factor 0.89) in the Surma Group, and Ce (EF 0.92), Y (EF 0.98) and Zr (EF 0.78) in the Tipam Group mudrocks are similar, whereas those in the Dupi Tila Group are slightly depleted in Zr and enriched in Cr, Ga, Rb and V, on average (Table 2) .
Chemical composition
Chemical classification
Several geochemical classification schemes have been used in the literature to measure mineralogical maturity, quartz and clay ratios, and dominance of lithic fragments and feldspar (Pettijohn et al.1972; Herron 1988) . Using the classification scheme of Herron (1988) , almost all Surma and Tipam samples fall in the wacke and litharenite fields (Fig. 2) . Some Surma mudrocks and all Dupi Tila mudrocks are classified as shales, consistent with their appearance. This suggests Surma and Tipam sediments are more mature and contain more quartz than Dupi Tila equivalents. In the Pettijohn et al. (1972) diagram almost all the sediments cluster in the litharenite field, although some Surma and Tipam sandstones are classified as arkoses (Fig. 3 ). The distribution of the sediments on this plot also suggests that the Dupi Tila sediments are less mature than Surma and Tipam equivalents, consistent with the Herron diagram (Fig. 2) . Overall, these classifications indicate that the sediments are characterized by intermediate maturity. 
Li gy codes: m sst -medium sandstone; f sst -fine and very fine grained sandstone; zst -siltstone; mst -mudstone.
ndex: SaNR -sample number; Lith -lithology; total iron as Fe 2 O 3 ; LOI-Loss on ignition. Note that data are tabulated on an anhydrous normalized basis. he normalizing factors were applied to both the major and trace element data. Original anhydrous analysis total (Total*) and LOI data are included to allow recalculation to a hydrous basis if desired.
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Mineralogical controls on whole-rock geochemistry Bivariate plots of major element abundances versus Al 2 O 3 have been used to investigate the relationship between elements, and the control of sorting and specific minerals on sediment composition (Fig. 4) .
The marked negative linear trend for Al 2 O 3 -SiO 2 (Fig.  4a) indicates that the major element composition of these sediments is mainly controlled by the relative proportion of quartz and feldspar versus clay minerals. Strong positive linear correlation between Al 2 O 3 and K 2 O (Fig.  4b) suggests illitic clays are the main host for potassium. No correlation exists between Al 2 O 3 and CaO (Fig. 4c) , suggesting multiple controls, such as varying proportions of calcic plagioclase, and the presence of small amounts of carbonate cement in some samples. Weak negative correlation between Al 2 O 3 and Na 2 O (Fig. 4d) suggests higher contents of sodic plagioclase in the sandstones relative to most of the mudrocks. Positive correlation between TiO 2 , MgO (Fig. 4e and f) (Fig. 5a and b (Fig. 5d) is a clear indication of a heavy mineral effect, with preferential concentration of zircons in the very fine sand fraction. Linear trends for Sc (Fig. 5e) , Ni (not illustrated) and Cr ( Fig. 5f) (Fig. 5f ).
Figure 5 Selected trace element-Al 2 O 3 variation diagrams for the Shahbajpur-1 drill hole sandstones and mudrocks. HME-heavy mineral effects.
The main features of the bivariate plots are the marked linear trends and the quite clear separation of the sandstones and mudstones. This and the intercepts of many elements with the x-axis at ~5-7 wt% Al 2 O 3 reflects sorting, with hydrodynamic separation of coarser quartz and a subordinate quantity of feldspar from fine-grained illitic and smectitic clays. Some heavy mineral effects are evident, however, as shown by the negative trend for Zr, and sporadic enrichments of Th and Cr in some samples.
Upper Continental Crust (UCC) normalization
Lithotype averages for each group were normalized against UCC (Fig. 6) (Fig. 6) . Furthermore, the Surma and Tipam mudrocks are enriched in trace elements relative to the sandstones, which are slightly depleted relative to UCC. These compositional variations between lithotypes reflect sorting, but those between groups indicate some contrasts in provenance and modifying factors such as weathering. These aspects will be discussed below. 
Discussion
Sediment genesis
The nature of source rock composition can be gleaned from major and trace element data of sedimentary rocks, as successfully used in the literature (Roser and Korsch 1988; McLennan et al. 1993; Hossain et al. 2010; Yang et al. 2011 ).
Major element discrimination
Roser and Korsch (1988) proposed discriminant functions for sedimentary provenance analysis, based on major element compositions. On this diagram, all of the SB-1 samples fall in the quartzose (P4) provenance field (Fig. 7) . The Surma and Tipam sandstones fall in a cluster, slightly separated from the mudrocks. Collectively the data define a trend originating from the join between the felsic (P3) and intermediate (P2) fields, well displaced from the igneous source line. Sediments recycled from felsic sources plot progressively away from the igneous source line into the P4 field, as illustrated by Roser (2000) . The distribution of the SB-1 sediments on this plot thus suggests recycling of sediments from a felsic source, with an average composition near rhyodacite (Fig. 7) . Furthermore, the SB-1 data fall within the field of coeval Sylhet trough (Province 2) sediments of Himalayan derivation (Hossain et al. 2010 ). This indicates a similar source for the Hatia sediments. Figure 7 Major element provenance discriminant function diagram (Roser & Korsch 1988) Roser and Korsch (1988) .
Source composition can also be assessed using the A-CN-K molecular proportion diagram of Nesbitt and Young (1984) . On this diagram, sedimentary suites trend from the feldspar join towards the "A" apex, running parallel to the A-CN join, along an ideal weathering trend (IWT). However, most lithified sediments trend to the right of the IWT, due to gain in potassium from K-metasomatism (Fedo et al. 1995; Hossain et al. 2012) . The Surma, Tipam and Dupi Tila sediments form a single trend, and backward projection intersects the igneous source line between dacite and granite ( Fig. 8) , also indicating that they were derived from a relatively felsic source. The SB-1 data also lie along the trend of the coeval Sylhet trough (P2) succession (Hossain et al. 2010 ). 
Trace element discrimination
Immobile trace elements have been widely used in provenance studies, because of their low solubility and short residence times in natural waters; consequently such elements are transferred quantitatively from the source to the depositional basin (Taylor and McLennan 1985; McLennan et al. 1993; Roser 2000 and many others) . Immobile elemental ratios are particularly useful, as they are not modified by quartz dilution or the formation of carbonate cements.
On a Th/Sc-Zr/Sc ratio-ratio plot (after McLennan et al. 1993 ) the Surma, Tipam and Dupi Tila Groups sediment lie on a single trend that is slightly oblique to the primary compositional trend (PCT) (Fig. 9) . Dupi Tila mudrocks plot at the lower end of the distribution. However, the intersection of the trend with the PCT at high Th/Sc and Zr/Sc, indicating derivation from a felsic source rock intermediate in composition between average rhyolite and dacite. The SB-1 data also lie within the field of coeval Sylhet trough (P2) sediments (Hossain et al. 2010) . A second combination of trace elements (Ti/Zr-Ce/Sc) shows exactly the same pattern, and identical ratios to the Sylhet sediments (Fig. 10) . The immobile trace elements thus clearly indicate felsic source, as shown by the major elements. 
Weathering conditions
Geochemical compositions of sediments may be modified by the weathering conditions in the source area, and hence climate (Nesbitt and Young 1982; Young and Nesbitt 1999; Clift et al. 2008; Absar et al. 2009; Guo et al. 2012 ). Nesbitt and Young (1982) proposed the Chemical Index of Alteration (CIA) as a method of quantifying the intensity of weathering in the source areas of sediments. CIA measures the extent to which fresh feldspars in the source rock have been converted to clays. The index is calculated from molecular proportions, using the formula:
where CaO* is the CaO contained in silicate minerals only. Our data have been corrected for Ca, present in apatite but no correction has been made for carbonate due to lack of CO 2 data.
As observed in many sedimentary successions, CIA values of mudrocks are generally greater than those of interbedded sandstones (Roser 2000; Hossain et al. 2010) , and the Hatia samples are no exception. Simple CIA calculations for ancient sediments can give values lower than original CIA due to post-depositional diagenetic effects (K-metasomatism), as described by Fedo et al. (1995) . However, these effects can be overcome by projection on a ternary A-CN-K plot, which allows estimation of the pre-metasomatic value (Fedo et al. 1995) . On the A-CN-K diagram, the Surma, Tipam and Dupi Tila Groups follow a path originating from the igneous source line between granite to dacite, and trending towards illite on the A-K edge (Fig. 8) . The trend deviates from the ideal weathering path and is displaced toward the K-apex, indicating moderate Kmetasomatism has occurred. Projection from the K-apex to connect with the IWT, following the methodology of Fedo et al. (1995) , yields corrected maximum CIA values of 75 for the Surma and Dupi Tila Group and 73 for Tipam Group sediments.
On the A-CN-K diagram the Hatia sediments spread from a position near the igneous source line, to higher values in the mudrocks (Fig. 8) . This distribution indicates non-steady state weathering condition in the source area, where active tectonism permits erosion of sediments from all zones of the weathering profile (Nesbitt et al. 1996) . This interpretation is compatible with derivation of the sediments from the active Himalaya uplift, which supplies weathered sediments from the upper zones of weathering profiles and fresh detritus from the lower zones. The trend of the Hatia sediments on the A-CN-K diagram coincides perfectly with that for the Sylhet trough (P2) succession (Hossain et al. 2010) , suggesting similar moderate weathering history in the source region of both successions.
Effects of sedimentary processes
Hydraulic sorting, recycling and heavy mineral concentration during sedimentary processes can significantly modify the geochemical compositions of sediments (Johnsson 1993; Roser 1996a, b; Roser 2000; Corcoran 2005; Tripathi et al. 2007; EtemadSaeed et al. 2011) .
Sorting
Sorting produces geochemical contrasts between sandstones and mudrocks due to separation of sand and mud by hydraulic fractionation. The degree of sorting is controlled by the source to sink distance, energy of the transport system, and many other factors. Similar sorting effects are evident in the Sylhet trough (P2) sediments (Hossain et al. 2010) . The Sylhet trough is believed to have been part of the same dispersal system, and is located about 500 km north of the Hatia trough. The SB-1 sediments show tighter, narrower and more uniform distribution patterns than Sylhet trough sediments (Figs 7, 8, 9, 10) , possibly due to their longer transport distance from the source area, and more effective sorting.
Heavy mineral concentration
Heavy mineral concentration may significantly influence the geochemical composition of sediments, but these effects can be assessed using ratio-ratio plots involving elements that are sensitive to such concentrations (McLennan 1989; McLennan et al. 1993) . For example, on the Th/Sc-Zr/Sc plot the SB-1 sediments display two trends (Fig. 9) . The first (trend 1) indicates compositional variation of the source rock, and the second (trend 2) indicates sedimentary heavy mineral concentration due to sorting. All Hatia mudrocks plot to the left of the PCT, whereas Surma and Tipam sandstones plot obliquely across the PCT, due to preferential concentration of resistant zircons in the sand size grades (Fig. 5d) . Similar trends are seen in the Sylhet trough (P2) sediments (Hossain et al. 2010 ).
Ce/Sc and Ti/Zr ratios are also fractionated between the SB-1 sandstones and mudrocks (Fig. 10) Fig. 5f ).
Depositional basin dynamics
Major and trace element compositions of sedimentary rocks have been widely used in the literature to elucidate the tectonic setting of the depositional basins, based on discrimination plots (Maynard et al. 1982; Roser and Korsch 1986; Bhatia and Crook 1986 ), although such discrimination should be used with caution (Armstrong-Altrin et al. 2005; Ryan and Williams 2007) .
Major elements
The ratios SiO 2 /Al 2 O 3 and K 2 O/Na 2 O (Maynard et al. 1982) have been used to broadly identify the tectonic setting of depositional basins, and have been combined (Fig. 11) in the discrimination plot of Roser and Korsch (1986) . This discriminant seeks to separate immature and evolved arc (A1 and A2, respectively), active continental margin (ACM), and passive margin settings. Passive margin sediments are normally derived from stable cratons, and are deposited in passive (nonsubductive) continental margin settings or in intracratonic basins. On this discrimination plot, the Surma and Tipam sandstones plot well within the passive margin field, whereas their mudrock equivalents trend downward to the edge of the ACM field. Dupi Tila mudrocks fall on the tie line, and within ACM. However, an ACM depositional setting is inconsistent with the paleogeography of the Dupi Tila sediments. In this case the apparent ACM classification is simply of a reflection of sorting fractionation. Overall the distribution of the sediments indicates that the SB-1 sequence was deposited in a passive margin (PM) setting, albeit in a rapidly subsiding basin.
Trace elements
Immobile trace elements have also been used to identify tectonic setting of depositional basins, as in the discriminant of Bhatia and Crook (1986) . They proposed methods of distinguishing oceanic island arc (OIA), continental island arc (CIA), active continental margin (ACM) and passive margin (PM). On their ThSc-Zr/10 plot (Fig. 12 ) almost all the Surma and Tipam sandstones fall within the PM field, and the remainder Figure 11 SiO 2 /Al 2 O 3 -K 2 O/Na 2 O diagram (after Maynard et al. 1982; Roser & Korsch 1986) for Shahbajpur-1 drill hole sediments. A1 -arc setting, basaltic and andesitic detritus; A2 -evolved arc setting, felsitic-plutonic detritus; ACMactive continental margin; PM -passive margin.
are transitional between ACM and PM. The mudrocks fall within ACM and the ACM-PM transition zone. However, this plot was developed using sandstone data, and mudrocks will not necessarily give reliable classifications. The Hatia sediments overall display a trend from near UCC and ACM into PM. This suggests that the Surma, Tipam and Dupi Tila sediments were derived from the upper crustal section of the Himalaya within the Eurasian plate, and were deposited in the subsiding Hatia basin in a passive margin setting. The trend toward the Zr apex reflects sorting, but also zircon concentration during recycling (McLennan et al. 1993) . This is the basis for PM classification on this plot. The results from the trace elements are consistent with those from the major elements. 
Paleogeographic speculations
The three geological provinces (P1, P2 and P3) of the Bengal Basin should be considered separately to get better understanding on the geological processes (Reimann 1993; Najman 2006) . The geochemical signatures in the SB-1 Tertiary sequence described here are virtually identical to those of the coeval P2 succession in the Sylhet trough. Elemental abundances and estimates of source rock composition and weathering history in SB-1 match those seen in P2. Moreover, on all comparison diagrams the SB-1 sediments are more homogeneous in composition and form more compact and narrower distributions than the coeval P2 sediments (Figs 7, 8, 9 and 10) . This suggests that the same dispersal system fed both the Sylhet P2 and Hatia SB-1 successions. The greater homogeneity seen in the Hatia data may reflect more distal deposition, and hence longer transport distance from the same source. The comparisons overall support the proposals by Alam et al. (2003) and Najman et al. (2008) that the Hatia trough represents an extension of the P2 Sylhet trough, and that the successions are essentially correlative.
Conclusions
The whole-rock geochemistry of the Hatia succession in SB-1 records the control of modifying factors including source rock composition, weathering in the source region, sorting, heavy mineral concentration, recycling, diagenesis, and tectonic setting of the depositional basin. The combination of these factors produced the elemental variation in the sediments. The entire SB-1 sequence was derived from a uniform felsic source, consistent from derivation from the Himalayan uplift. Surma, Tipam and Dupi Tila sediments all record moderate non steady-state weathering and hence active uplift in the source region, and moderate postdepositional K-metasomatism. Sorting and hydraulic separation of quartz and feldspar from clays produced marked linear geochemical trends and sporadic heavy mineral concentration. Both major and trace element compositions are compatible with deposition in a basin at a passive margin setting. Geochemically, the SB-1 succession is virtually identical to coeval P2 sediments in the Sylhet trough succession. These features support the hypothesis of Alam et al. (2003) and Najman (2006) that the Hatia trough is an extension of Province 2. More homogenous composition in the Hatia sequence may reflect increased transport distance from the same source that fed the Sylhet trough.
